Abstract. Rho GDP dissociation inhibitor 2 (RhoGDI2) has been found to be a regulator of tumor metastasis. However, the expression of RhoGDI2 and its clinicopathological significance as well as the pathway of RhoGDI2 in tumor metastasis have yet to be investigated. To investigate the role of RhoGDI2 in the progression and prognosis of pancreatic carcinoma (PC), the expression of RhoGDI2 in human PC tissues was examined and compared with the clinicopathological characteristics and prognosis. Moreover, the relationship between RhoGDI2 and E-cadherin was examined. The results indicated that RhoGDI2 was overexpressed in PC tissues and associated with clinicopathological characteristics, including clinical stage and lymph node metastasis. Patients with a RhoGDI2-negative expression had a significantly longer survival time than those with a RhoGDI2-positive expression. Additionally, the expression of RhoGDI2 was negatively correlated with the expression of E-cadherin in PC tissues. Taken together, the findings suggest that RhoGDI2 is important in the progression and prognosis of PC, and may be used as a potential prognostic biomarker and a therapeutic target for PC.
Introduction
Human pancreatic carcinoma (PC) is a highly aggressive malignant cancer with a poor prognosis. Numerous treatment protocols have been applied to PC, however, the 5-year survival rate remains <5%, partly due to PC cells being resistant to chemotherapy and radiation (1, 2) . Vascular invasion and distant metastasis are the critical features in the aggressive phenotype of PC, and contribute to the principal causes of PC deaths. Thus, biomarkers associated with the invasion and metastasis and survival of PC are required to predict patient prognosis and to aid in the design of effective target therapy.
Rho GTPases, including Rac1, Cdc42 and RhoC, are involved in the regulation of cell migration, cell motility, cell cycle progression and cytoskeleton organization (3, 4) . Aberrant signaling of these proteins is commonly observed in many types of human cancer and is associated with aggressive phenotype. The biological activities of GTPases are regulated by guanine nucleotide exchange factors (GEFs), GTPase-activating proteins (GAPs) and Rho GDP dissociation inhibitors (RhoGDIs) (5) . Rho GDP dissociation inhibitor 2 (RhoGDI2), which belongs to a family of RhoGDIs, is verified to be differentially expressed in human cancers (6, 7) . Accumulating evidence has shown that RhoGDI2 acts as a positive or negative regulator of cancer progression depending on the tumor type (8) . In a previous study, we showed that RhoGDI2 promoted PC cell invasion and metastasis in vitro (9) . However, the expression of RhoGDI2 and its correlation with poor prognosis in PC patients as well as the pathway of RhoGDI2 in tumor metastasis remain to be examined.
Epithelial to mesenchymal transition (EMT) is a critical morphologic conversion during tumor progression and results in the promotion of cell motility, invasion and metastasis (10) . Increasing evidence suggests that EMT occurs in several types of cancer, including colorectal cancer (11), gastric cancer (12) , and breast cancer (13) . Loss of expression of the epithelial cell adhesion molecule E-cadherin is a prerequisite of EMT.
In this study, we examined the expression of RhoGDI2 in human PC tissues, and compared it with the clinicopatho logical characteristics and prognosis. Moreover, we investigated the association between RhoGDI2 and E-cadherin, a critical factor of EMT, and determined the possible pathway that RhoGDI2 may be involved in the aggressive phenotype of PC. RT-PCR. Total RNA from samples was extracted by TRIzol (Invitrogen, Carlsbad, CA, uSA). Total RNA (10 µg) was used to synthesize single-stranded cDNA for a PCR template by reacting with random primers and M-MLV reverse transcriptase (Promega, Madison, wI, uSA). The relative expression of RhoGDI2 mRNA transcripts to that of the control (β-actin) was determined by RT-PCR. The primers used were: RhoGDI2 (606 bp) forward, 5'-ATGACTGAAAAAGCC CCA-3' and reverse, 5'-TCATTCTGTCCACTCCTT-3'; β-actin (308 bp) forward, 5'-AGCGGGAAATCGTGCGTG-3' and reverse, 5'-CAGGGTACATGGTGGTGCTGCC-3'. The PCR amplification was 40 cycles (95˚C for 15 sec, 62˚C for 45 sec and 72˚C for 30 sec). The amplified segments were analyzed by 2.5% agarose gels.
Materials and methods

Clinical
Western blotting. Tissues were lysed in lysis buffer on ice. Total proteins were separated by 5-12% SDS-PAGE and transferred onto PVDF membrane. The membrane as placed in a TBST solution with 5% non-fat milk powder for 1 h at room temperature and incubated at 4˚C overnight with primary antibodies: anti-RhoGDI2 antibody (1:200) ), anti-E-cadherin antibody (1:400; both from Abcam, Cambridge, UK) and anti-β-actin antibody (1:200), followed by incubation at room temperature for 1 h with a goat anti-mouse IgG (1:2,000, both from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, uSA), conjugated with horseradish peroxidase. Reactive bands were detected using ECL western blotting detection reagent. 
Results
Expression of RhoGDI2 in PC tissues.
To investigate the expression pattern of RhoGDI2 in clinical fresh PC tissues, RT-PCR and western blotting were used in 20 paired PC tissues and adjacent non-tumorous tissues. The expression of RhoGDI2 in PC tissues was higher than that in non-tumorous tissues at the mRNA level (P<0.05) (Fig. 1) . Similarly, western blotting results revealed that the expression of RhoGDI2 protein was upregulated in PC tissues compared with that in non-tumorous tissues (Fig. 2, P<0 .05). These results indicated that RhoGDI2 was overexpressed in PC tissues. Table I ) . These results indicated that the overexpression of RhoGDI2 may be correlated with the progression of PC.
Correlation between RhoGDI2 expression and PC patient prognosis. Among 77 PC patients, the follow-up success rate was 100%. After 3 years of follow up, only 8 of 77 (10.4%) patients were alive and 69 patients (89.6%) were deceased. The median survival time was 20 months (RhoGDI2-negative expression) and 11 months (RhoGDI2-positive expression), respectively. Kaplan-Meier curve assessment showed that the patients with RhoGDI2-negative expression had a significantly longer survival time than those with a RhoGDI2-positive expression (log-rank test, P=0.001, Fig. 3) .
The univariate analysis results revealed that RhoGDI2 expression (P=0.003), clinical stage (P=0.007) and lymph-node metastasis (P=0.006) were closely correlated with patient survival time (Table II) . RhoGDI2 expression was closely associated with clinical stage and lymph-node metastasis. Thus, we used RhoGDI2 expression as the grouping variable, while clinical stage and lymph-node metastasis were considered the subgrouping variables. Stratified analysis showed that survival time of the RhoGDI2-positive expression group was significantly shorter than that of the RhoGDI2-negative expression group in the different subgroup levels (P<0.01, Table III ). The multivariate analysis results revealed that RhoGDI2 expression is one of the independent prognostic factors by Cox proportional hazards model (P=0.008, Table IV ). The results indicated that the overexpression of RhoGDI2 was correlated with poor prognosis. Table I . Relationship between RhoGDI2 expression and clinicopathological characteristics in PC.
RhoGDI2 expression correlated with E-cadherin expression in PC tissues. E-cadherin is involved in epithelial to
RhoGDI2 -----------------------------------Variables
Cases Negative Positive mesenchymal transition (EMT), which is involved in invasion and metastasis in PC. To clarify the association between RhoGDI2 and E-cadherin, we firstly examined the expression of E-cadherin protein in 77 PC tissues by IHC (Fig 4) . Data of the statistical analysis suggested that the expression of RhoGDI2 was negatively correlated with the expression of E-cadherin in PC tissues (P=0.002, Table V ).
Discussion
In this study, we examined the expression of RhoGDI2 in 30 matched clinical fresh tissues and 77 cases of paraffinembedded PC tissues. The results show that RhoGDI2 was overexpressed in PC tissues at mRNA and protein levels, and that RhoGDI2 expression was correlated with clinical stage, lymph-node metastasis and vascular invasion. Additionally, RhoGDI2 was one of the independent prognostic factors. we also found that the expression of RhoGDI2 was negatively correlated with the expression of E-cadherin in PC tissues. RhoGDI2 expression These findings suggest that the upregulation of RhoGDI2 is involved in the progression and prognosis of PC. RhoGDI2, also known as D4-GDI or LyGDI, has been identified as a regulator of Rho GTPases, which play important roles in cell motility, invasion and metastasis (14, 15) . RhoGDI2 was preferentially expressed in hematopoietic tissues, predominantly in B and T lymphocytes (16) . However, accumulating evidence reveals that RhoGDI2 is also aberrantly expressed in human cancers. In the majority of studies, RhoGDI2 has been shown to promote tumor cell invasion, angiogenesis and metastasis, such as in lung and gastric cancer (17, 18) . However, it can function as a metastasis-suppressor gene in bladder cancer and Hodgkin's lymphoma (19, 20) . Our results indicate that RhoGDI2 was overexpressed in PC and associated with clinicopathological characteristics of PC patients, including clinical stage and lymph-node metastasis. The conflicting role of RhoGDI2 may result from the dual roles of RhoGDI2 in the regulation of activities of Rho GTPases during cancer progression. RhoGDI2 binds the majority of Rho GTPases in the cytoplasm, maintaining Rho in an inactive form and inducing the disruption of Rho-dependent cell motility (21, 22) . On the other hand, RhoGDI2 acted as an escort protein directing Rho GTPases to the membrane and is associated with active forms of Rho, Rac and Cdc42, maintaining them in an active form (23, 24) . However, the exact mechanisms remain to be determined.
In this study, we have demonstrated that RhoGDI2 expression is one of the independent prognostic factors in PC, and overexpression of RhoGDI2 was correlated with poor prognosis. Stratified analysis of survival time showed that in lymph-node positive patients, the prognosis of PC with RhoGDI2-positive expression was worse than that of ones with RhoGDI2-negative expression. Similar results were obtained in stage Ⅱ of PC patients with different RhoGDI2 expression. This finding indicated that, for PC patients with lymph-node metastasis and clinical stage Ⅱ, we may draw up individualized gene therapy and evaluate prognosis by detecting RhoGDI2 expression.
EMT is an essential cell mechanism during tumor progression, which induces tumor cell migration, invasion and metastasis (25) . In all EMT processes, cells lose the expression of a cell-to-cell adhesion molecule known as E-cadherin, which functions as a molecular glue that attaches cells to one another (26) . To clarify the underlying mechanism of RhoGDI2 in the progression of tumor invasion and metastasis, we also investigated the relationship between and in PC tissues. Our results (data not shown) indicated E-cadherin was downregulated in PC tissues and was negatively correlated with the expression of RhoGDI2. In our previous study, RhoGDI2 was known to promote PC cell invasion and migration in vitro, but to the best of our knowledge, this is the first study showing that RhoGDI2 expression was correlated with E-cadherin expression in PC tissues.
In conclusion, our study has demonstrated that the overexpression of RhoGDI2 was associated with PC progression and played an important role in predicting the prognosis of PC patients. Moreover, upregulation of RhoGDI2 was associated with reversal of E-cadherin expression in PC tissues. These findings indicate that targeting RhoGDI2 may be a useful strategy for inhibiting the invasion and metastasis of PC.
